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Table 1 Characteristic value of frequency
with different schemes
g I W i B I P
O/ Ha W /s ZMH/Hz R/ Hz B /s

1 50.568 5.19 50.113 0.455 39.03
2 50.482 3.76 50.132 0.349 41.14
3 50.482 3.76 50.132 0.349 41.14
4 50.457 3.57 50.133 0.324 37.62
5 50.437 3.42 50.134 0.302 36.04

FFLC S 51845 T By 45500 B % 86 K, 1A & Hh 24
15% ~25 % ; 3% 1 W L 1Y FLC 2 5 88505 % %54
5l 22 5 AR MR, A 3R R e I LB R R R K
VR0 [ SR A0 23R R %) 80 s 1]l B =2 ok 2

K5 e T FLC 25 XU0] B i e 4 B 9
Bk, B 5, B FLC 2 5B T , bt
VIR D) R AN AR AGE 1 & A AL — VR R A B R 2E
PR A I 68 A R, FLC 2 5 845 5 18 1 4
SR Y PR T L 4 S R i A8 AL YT S R AR
A5 38 2 I ) R 2 (N B R R AL i D) R
AT, o205 3t A AT Th ) 2R 2 A 8 T A0 36 DA T K A7
REFAKE FLC AL IX BT , PR A & B AL — UK R AL i
% FPLIR B RS E .

3600

AIHHE /MW
S
(=]

)
Y
(=3
(=)

t/s
OQFEL QFR3, @FE4, @FES

BEs5 ARK TRERRETRLEIHE
Fig.5 Active power of Chuxiong converter station
with different values of K,

A B AT LU I

(1) H B 3050 B Al 241 K 7 — 8 Y Fl N 3 K, 25
R R G —E B IE e A B T R G CR R E , Ik
/NI i AT R U AR

(2) Rl K, 36K, 2 501l 22 P 3l J5 Jil 56 ik 5y e
AELRE I /)N I L 08 A P[] T, 00 5 6 ) 2>,
SRR 25 E BT AR ] 2 5 PR 00 W G =

(3FLCZ 5155 , o I8 57 B 0] f 2 K3 K
T 46 i, {E K 38 /DN T 3R B () K 5 2 s 1 0 R e
fEANRER &, B shde /N RS e JR Y i (el IR S % &
FLC ARSI 7585
4.2 FLCZEX 3350 ZR K55

A M R A 28 T AR LR ER T, O FLC
B DX X 325 B 1 25 4] 5 T A 0 B A 53 A BRI
ZAETT  HR B B VA A — R AR A RN, FLC 3B
XK T & AL— IR BEBE X, % 2] 2 F L K
F HL2H 15 451 4E X 22 4 +0.05 Hz, NI B FLC 1F [4]

FEIX B 0.1~0.2 Hz J 1 [a] FE X Bt -0.2~-0.1 Hz. 7
AL ] 114 8 o e i L 82 I PN DA BB T e R[]
LI R B 0 S AR FE IX 43 5] A +0.1 Hz  +0.15 Hz
FT +0.2 Haz, T4 e 37 30 s ) A9 R 40 & 6 T s

0.5
N
e
™y 0.3
& S—
% 0.1
B
-0.1 ; : : : : ' '
0 10 20 30 40 50 60 70
t/s
@ FEXH+0.1 Hz, @ 3EX 4 +0.15 Hz
® XN +0.2 Hz

El6 AEIEX TR T RLiE
Fig.6 Bus frequency of Chuxiong converter station
with different deadbands

K6, X 2R el 8l b 2 Bl LU kAR R P

B, B0 DK /NS B Xof A5 SR M (A — 5 A S ), X6 AR
A w22 s i . B 7 W s T FLC 3E X AN ]
BT EL I R R s TR AR (b i £k . B B AT
XN, FLC 14 52 A 15 ] (& KT 26 B ) ok il
AN FLSL TR B F FLC HA PR 8 5 |, Bl 40 5
75 A BE A T ok A A T SR A B IR A R Al 2 PR i 7
FLCAEIX BRI . 768 H kB, 28 2 5 W0 S
WL Sk & AL 1 TR FLC PR Th %, Hodp
— YRR T AP =AS /K H 52 BR T 2R 5845 % A
# . A[LAE Y FLC AL XA /N, — U 45 4 5
Z FRJC 1 B FLC P 29875 &, FLC A9 &2 15 By BL ik
o, D 3 A P R Ak o 7 A B B B TR, R
T ET,
3600

B R A 22 / Hz
[\ ] w
o] (V]
8 8

2400 : : : : : : ,
0 10 20 30 40 50 60 70
t/s
@ XA +0.1 Hz, @ X H+0.15 Hz
® X HK+02Hz

7 AREEXTEHERRET RAHININE
Fig.7 Active power of Chuxiong converter station
with different deadbands

BRI, PEBR LIRS, 2% JE 2 — U J5UFT FLC fic
A A, AR BCK FLC AE X% & /N, FLC A6 X itk
B IR BEASHE R — YRR AE Y & (H 2 PR AR FLC R %
B IR E I ] S X B R 0.15~0.20 Hz, 1 [H] SE X
Bt H-0.20~-0.15 Hz.
5 Z5ig

AR SCHETF BRI 2, R B FLC AR5 AT T



@ ® 0 & #H W iE

AR R FLC MR R A5 H R 00 T 370 T 7 A1) A % fi
Mok, 355 K % 58 FLC 14 Ha 190 B 37 180 30 490 %% ik by =X
P T X AR .

(1) 7E A AL AR LAl [ 20 M 17 2% i R GE S
WA 22 DA KR Bl A AR R A BELJE He R R A
FEFRMT AT AN LR R 45 B AT R i A 2
L5 RAT X 2% i R SRR Bh A R o (H 32 AT AR
T A Z 1 PR ShHF 52 g S5 Ry B, AR TR AN 2 5 2 i
ARG ATRAE

(2) FL AR S 5RBUS , 200 RS2
L3 K, A BT R G BARCRARE , DRI R A A
W, e AT Ao 1 0 — A 45 e, e S A R A 7 A
€901 ) =N <0 R 1 [ R i SR Rl s all = 15 NE % 4
B3I T RARG , ELXF G TE FLC 22 5 38 4 s {1 A1 1
b, BEA RO 57 1k 6 Sty (R ) 19 A /N ) 25 i AR
g0 ) Wit w5 | A 0 VIR, AN 51 & o — 2 4
S

(3)FLC BLIX X 4 22 U Y 52 Wi 45/ )N , {H FLC 3K
X EX T ERIRE TS . FLC BT
NG S — R AR SZ B, B AR S 80l 7
fr B , AR F T RGN % 2R E 21T .

P S LA M 258 (http : / www.epae.cn)

SE W

[ 1] B ZZHRAE RGBT R H M ALt AU T
JiAt:,2004:2-5.

[2] Z2¢0. mEE A RO T AEd (M. Jbat Rz
Jzkt, 1998:10-13.

[ 3] R . @B R TR RIM ] Ju5: b R,
2011:7-12.

[ 4] 2, M7, BT, 45 . R s LA S R G R v
HILI). 1A S kB4, 2018,38(11):197-203.
LI Wei, XIAO Xiangning, TAO Shun, et al. Frequency stabili-
ty control for islanded UHVDC sending end system[J]. Elec-
tric Power Automation Equipment,2018,38(11):197-203.

[ 5] M0, M0, Bise, 4. BimERR I H] (FLC) IR fE =/
SRR L], T, 2017,50(10) :64-70.
MEIL Yong,ZHOU Jian, LU Yaotang,et al. Study on applica-
tion of HVDC Frequency Limit Control (FLC) in asynchro-
nously interconnected Yunnan grid[J]. Electric Power, 2017,
50(10):64-70.

[ 6] ZRAE, JSC. SR N S L R AR R R R =R R ].
=LA ,2017(2):107-109.
PENG Junchun,ZHOU Maowen. Study on influence factors of
frequency stability of power grid in asynchronous network [J].
Yunnan Electric Power,2017(2):107-109.

[ 7 ] Ja%, kP XRREE, 45 S B IN E  r v I A e 1 K s
WEOIRLIT L], FITHRIMEAR ,2016,10(7) :17-23.
ZHOU Lei,ZHANG Dan,LIU Fusuo,et al. Frequency charac-
teristics of Yunnan power grid and corresponding over-fre-
quency generator tripping scheme after asynchronous intercon-

nection[J]. Southern Power System Technology, 2016, 10(7) :

[8

[—

—
=)
[a—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

#1395
17-23.
K, 058 22, U, 5 . RRFLUE ELTR IR P i 2 A R [ ]

R A, 2016(5) :27-31.

DU Bin,LIU Yongjun,TU Liang,et al. Study on the frequen-
cy limit control of Nuozhadu DC transmission project [J].
Southern Power System Technology,2016(5):27-31.
WRARP R T, AR B A5 T R e H R S A a8 A 7 AR I
(3. P AHLT B4, 2013,33(4) :96-102.

CHEN Yiping, CHENG Zhe, ZHANG Kun, et al. Frequency
regulation strategy for islanding operation of HVDC[J]. Pro-
ceedings of the CSEE,2013,33(4):96-102.

BTS2 e A ) R G T IR R S A B 4T SR
W A TE (D] LAt iR, 1990.

MIN Yong. Analysis of power-frequency dynamics and desig-
nation of underfrequency load shedding scheme in large scale
multi-machine power systems[[)}. Beijing: Tsinghua University,
1990.

XGER . WA RGEHRNEI S A ST FRATERIAIED].
JHCHR - VY AT R, 2014

LIU Ketian. Analysis on power system frequency dynamics
and study on auto load-shedding control [D]. Chengdu: Sou-
thwest Jiaotong University,2014.

AR ST, R E M, 5. & VSC-HVDC HL 4 3l 5 8 354
AT ] ST AR 241, 2017,40(1) :47-52.

LI Shenghu, WANG Xiulong, ZHU Guowei, et al.
model of post-fault transient frequency in power system with
VSC-HVDC [J]. Journal of Hefei University of Technology,
2017,40(1):47-52.

ZRER RGN, AR LR B R SR T =
LeBrgEl)]. E7,2016,49(6):72-77.

LI Bijun, HUANG Zhilong, LIU Fusuo,et al. A study on the
emergency DC power support as the third defense of the
power system[ﬂ. Electric Power,2016,49(6):72-77.
RAKHSHANI E,SADEH J. Practical viewpoints on load fre-
quency control problem in a deregulated power system [J].
Energy Conversion & Management,2010,51(6):1148-1156.
RAKHSHANI E, SADEH J. Reduced-order observer control
Control &

Analytical

for two-area LFC system after deregulation[]].
Intelligent Systems,2010,38(4):185-193.

ZEE NI X R SRR, 45 . T A A L ) R SR
BEar Mk )], E AL T AR244R) , 2009,29(34) :36-41.

LI Changgang, LIU Yutian,ZHANG Hengxu,et al. Power sys-
tem frequency response analysis based on the direct current
loadflow[J]. Proceedings of the CSEE,2009,29(34):36-41.
AR B R b b, 45 WL BRI B 17 30N o R
G AR P Sepa il s [0 ], AL AR 2013, 37(5) - 1401-
1406.

WANG Huawei, HAN Minxiao, FAN Yuanyuan, et al. Sending
end frequency characteristics under islanded operation mode
of HVDC transmission system from HulunBuir to Liaoning
and corresponding control strategy [J]. Power System Techno-
logy,2013,37(5):1401-1406.

KUNDUR P. Power system stability and control [M].
York, USA : McGraw-Hill, 1994 :813.

R, SR BRI, %5 . 55 VSC-HVDC HE 4 119 55 FL 90 7 A48 %
P ¥ 5 ST MR BT R[], B E A LT R0, 2015, 35
(9):2170-2176.

TANG Xin, ZHANG Wugqi, CHEN Sheng, et al. Assessment

New



£ 9 R, A S IR IO LR AR I ] B S NS i S 2R GEAR Y R @

and regulation of transient frequency deviation in weak grid F VAR T@ARN ZGEMEHE KIHE
connected to VSC-HVDC[]]. Proceedings of the CSEE,2015, % R A A & % (E-mail: mnsdxt@163.
35(9):2170-2176.

com);

ez & IEH1970—), B, Th&mEA,
B OR(1993—), %, w )l e FAA LA 5 4, £ BAF ‘ /“ A HEFLL TN 12, LT 148

KA QARG 51 B R GRS A (E-mail: ; ) FRAI R e aE SRR S 42
646689045@qq.com) ; R B SR B R A A % (E-mail: dl-

5 F(1987—), B, bR B EA HERLE, B wang@sujuen).

Impact of DC frequency modulation and modulation parameters on frequency
characteristics of sending end in asynchronous interconnected power grid
GAO Yuan',MA Ningning', WANG Delin',SUN Ningjie',ZHOU Xin’, WU Shuijun’, HE Peng’
(1. School of Electrical Engineering,Southwest Jiaotong University, Chengdu 610031, China;
2. Electric Power Research Institute of Yunnan Power Grid Co.,Ltd.,Kunming 650217, China;
3. Yunnan Electric Power Test & Research Institute(Group) Co.,Ltd.,Kunming 650217, China)
Abstract: Based on DC (Direct Current) load flow method, the analytical expression of frequency response
in sending end and damping ratio in FM (Frequency Modulation) system under the impact of DC FM are
deduced in consideration of the function of hydro-turbine governor and DC FM. Then the frequency dynamic
characteristics of sending end are studied, when the DC FM and the FM parameters is involved. Finally,
the impact of DC FM on frequency changing characteristics in sending end with hydroelectric generators is
analyzed under the asynchronous grid interconnection condition. A test system of Chuxiong-Suidong DC
transmission project is established, which the simulative result verifies that DC FM method can not only
suppress the peak disturbance frequency of the sending end effectively,but also maintain the frequency sta-
bility of sending end after participating in hydropower system FM.
Key words: asynchronous interconnection;frequency modulation; DC power transmission; DC frequency limit

Controller;damping ratio
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DC fault characteristic analysis and recovery control strategy for

hybrid cascaded HVDC system
YANG Shuo,ZHENG Anran,PENG Yi,GUO Chunyi,ZHAO Chengyong
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract: The hybrid cascaded HVDC system composed of LCC at rectifier side and MMC in series with
LCC at inverter side can realize DC fault ride-through, commutation failure suppression and large capacity
power transmission. The model of hybrid cascaded HVDC system is established and an overall control stra-
tegy is designed. The dynamic characteristics of the system with step power are researched by PSCAD /
EMTDC simulation software, which verifies the effectiveness of the proposed control strategy. The DC fault
characteristics of the system are simulated and analyzed, and it is found that if proper measures are not
taken, the over-current phenomenon caused by unbalanced current distribution between parallel MMCs when
DC fault occurs and large fluctuation problem in system recovery process after fault clearing will appear,
for which,a fault recovery control strategy during fault and after fault clearing is proposed, and simulation
verifies the effectiveness of the control strategy.

Key words: hybrid cascaded HVDC system;power step characteristic; DC fault characteristic ; recovery con-
trol strategy



